Abstract Co(II), Ni(II), Cu(II) and Zn(II) complexes of the Schiff base derived from indole-3-carboxaldehyde and m-aminobenzoic acid were synthesized and characterized by elemental analysis, molar conductance, IR, UV-Vis, magnetic moment, powder XRD and SEM. The IR results demonstrate the bidentate binding mode of the ligand involving azomethine nitrogen and carboxylato oxygen atoms. The electronic spectral and magnetic moment results indicate that Co(II) and Ni(II) complexes have tetrahedral geometry, while Cu(II) complex is square planar. Powder XRD and SEM indicate the crystalline state and surface morphology studies of the complexes. The antimicrobial activity of the synthesized ligand and its complexes were screened by disc diffusion method. The results show that the metal complexes were found to be more active than the ligand. The nuclease activity of the ligand and its complexes were assayed on CT DNA using gel electrophoresis in the presence of H 2 O 2 . The Cu(II) complex showed increased nuclease activity in the presence of an oxidant when compared to the ligand and other complexes.
Introduction
Schiff bases ligands and their metal complexes have a variety of applications in biological, clinical, analytical and industrial fields (Gupta and Sutar, 2008; Kumar et al., 2009) . Among these, heterocyclic Schiff base ligands and their metal complexes do have significant interest because of their pharmacological properties (Sinha et al., 2008; Budhani et al., 2010) . Furthermore, the interaction of these complexes with DNA has gained much attention due to their possible applications as new therapeutic agents (Rodriguez-Arguelles et al., 2005) . Recently, we have reported the synthesis, characterization and biological studies of some Schiff base metal complexes (Dhanaraj and Nair, 2009a,b; Arish and Nair, 2010) . The present investigation deals with the synthesis, characterization, antimicrobial and DNA cleavage studies of the Schiff base derived from indole-3-carboxaldehyde and m-aminobenzoic acid and its Co(II), Ni(II), Cu(II) and Zn(II) complexes.
Experimental

Materials
All the chemicals used were of Analar grade. Indole-3-carboxaldehyde and m-aminobenzoic acid were respectively obtained from Fluka and Lancaster. Co(II)/Ni(II)/Cu(II)/Zn(II) chlorides were purchased from Merck. Solvents were purified and distilled before use. The metal content present in the complexes was determined by EDTA titration (Vogel, 1978) .
Preparation of Schiff base ligand
To a solution of m-aminobenzoic acid (2 mmol) in methanol, indole-3-carboxaldehyde (2 mmol) in methanol was added dropwise. The above mixture was magnetically stirred for about 8 h. Then the reaction mixture solvent was evaporated and cooled at room temperature. The yellow crystals were separated out. It was washed with alcohol, ether and recrystallized from ethanol (yield: 72%).
Preparation of metal Schiff base complexes
To the Schiff base ligand (2 mmol) dissolved in methanol, Co(II)/Ni(II)/Cu(II)/Zn(II) chloride (1 mmol) dissolved in methanol was added dropwise. The above mixture was magnetically stirred and refluxed for 1 h. The complexes obtained were filtered, washed with methanol and dried (yield: 70-79%).
Physical measurements
Elemental analysis was obtained using a Perkin-Elmer elemental analyzer. Conductivity measurements were made on freshly prepared 10 À3 M solutions in DMSO at room temperature with a coronation digital conductivity meter. The IR spectra were recorded on a JASCO FT/IR-410 spectrometer in the range 4000-400 cm À1 using KBr disc method. Electronic spectra were recorded on a Perkin Elmer Lambda-25 UV/ VIS spectrometer in the range 200-900 nm. The room temperature magnetic measurements were carried out using Guoy balance and the diamagnetic corrections were made using Pascal's constant. Powder XRD was recorded on a Rigaku Dmax X-ray diffractometer with Cu Ka radiation. SEM images were recorded in a Hitachi SEM analyzer.
In vitro antimicrobial studies
The ligand and its complexes were tested against the bacterial species: Staphylococcus aureus (MSU B100), Escherichia coli (MSU B101), Klebsiella pneumoniae (MSU B102), Proteus vulgaris (MSU B103) and Pseudomonas aeruginosa (MSU B104); and the fungal species: Candida albicans (MSU F100), Rhizopus stolonifer (MSU F101), Aspergillus flavus (MSU F102), Aspergillus niger (MSU F103) and Rhizoctonia bataicola (MSU F104). These studies were carried out using Kirby Bayer Disc diffusion method (Bauer et al., 1966) .
Chloroamphenicol and Nystatin were used as the standard antibacterial and antifungal agents. The test organisms were grown on nutrient agar medium in petri plates. The compound was dissolved in DMF solution and soaked in filter paper disc of 5 mm diameter and 1 mm thickness. The discs were placed on the previously seeded plates and incubated at 37°C and the diameter of inhibition zone around each disc was measured after 24 h for bacterial and 72 h for fungal species. The minimum inhibitory concentration (MIC) value of the compounds was determined by serial dilution technique.
DNA cleavage studies
A solution of CT DNA in 0.5 mM NaCl/5 mM Tris-HCl (pH 7) gave a ratio of UV absorbance at 260 and 280 nm (A260/A280) of 1.8-1.9, indicating that the DNA was sufficiently free of proteins. Cleavage reactions were run between the metal complexes and DNA, and the prepared solutions were diluted with loading dye using 1% agarose gel. Then 3 lL of ethidium bromide (0.5 lg/mL) was added to the above solution and mixed well. The warmed agarose was poured and clamped immediately with comb to form sample wells. The gel was mounted into electrophoretic tank; enough electrophoretic buffers were added to cover the gel to a depth of about 1 mm. The DNA sample (30 lM), metal complex (50 lM) and H 2 O 2 (500 lM) in 50 mM Tris-HCl buffer (pH 7.1) were mixed with loading dye and loaded into the well of the submerged gel using a micropipette. The electric current (50 mA) was passed into running buffer. After 1-2 h, the gel was taken out from the buffer. After electrophoresis, the gel was photographed under UV transilluminator (280 nm) and documented.
Results and discussion
The analytical data and physical properties of the ligand and its complexes are listed in Table 1 . The Schiff base ligand (L) is soluble in common organic solvents. The resultant Schiff base complexes are soluble in DMF and DMSO and insoluble (Table 1) indicate that the metal to ligand ratio is 1:2 for all the complex systems. The molar conductance of all the complexes was measured in DMSO using 10 À3 M solutions at room temperature. The low molar conductivity values of the metal complexes (Table 1) suggest the non-electrolytic nature (Geary, 1971) .
Infrared spectra
The IR spectral data of the ligand and its complexes were given in Table 2 . The IR spectrum of the free ligand exhibits a sharp band at 1660 cm À1 , due to the azomethine group vibration. On complexation this band was shifted to lower frequency in the $1655-1644 cm À1 range indicating the coordination of the azomethine nitrogen atom to the metal ion. For the free ligand, the observed bands at 1561 and 1377 cm À1 can be respectively ascribed to asymmetric carboxyl m as (COO À ) and symmetric carboxyl m s (COO À ) groups (Deacon and Phillips, 1980; Nakamoto, 1978) . During complexation these bands were shifted to higher frequency by $5-16 cm À1 range indicating the linkage between the metal ion and carboxylato oxygen atom. The large difference between the m as (COO À ) and m s (COO À ) value of $200 cm À1 indicates the monodentate binding nature of the carboxylato group (Deacon and Phillips, 1980; Nakamoto, 1978) in the complexes. In the lower frequency region the weak bands observed at 573-550 and 461-430 cm À1 have been assigned respectively to the m(M-O) and m(M-N) vibrations (Nakamoto, 1978; Shebl, 2009; Ouf et al., 2010) . Accordingly, one can deduce that the ligand binds the metal ion as bidentate fashion (NO). The bonding sites are the azomethine nitrogen and the carboxylato oxygen atoms.
Electronic spectra and magnetic studies
The electronic spectrum of free Schiff base ligand shows a broad band at 348 nm, which is assigned to p-p* transition of the C‚N chromophore. On complexation this band was shifted to lower wavelength region suggesting the coordination of azomethine nitrogen to the central metal ion.
The electronic spectrum of tetrahedral Co(II) complexes is reported to have only one absorption band in the visible region due to 4 A 2 (F) fi 4 T 1 (P) transition (Lever, 1984) . The spectrum of the present Co(II) complex has only one band in the visible region at 693 nm, which indicates tetrahedral geometry for the complex. The electronic spectrum of the Ni(II) complex shows an intense absorption band at 604 nm, which is due to the 3 T 1 (F) fi 3 T 1 (P) transition indicating tetrahedral geometry (Lever, 1984) . The electronic spectrum of Cu(II) complex exhibits a broad band centered at 616 nm due to 2 B 1g fi 2 A 1g transition corresponding to square planar geometry (Lever, 1984) . Generally, Zn(II) complexes does not exhibit any d-d electronic transition due to its completely filled d 10 electronic configuration, however often exhibit charge transfer spectra. The Zn(II) complex shows an absorption band at 414 nm attributed to the L fi M charge transfer transition, which is compatible with this complex having a tetrahedral geometry (Temel et al., 2002) .
The Co(II) complex (Table 1) has a magnetic moment value of 4.50 BM, which is in agreement with the reported value for tetrahedral (Kettle, 1969; Cotton and Wilkinson, 1998; Day and Selbin, 1969; Banerjea, 1998) Co(II) complex. Generally, square planar Ni(II) complexes are diamagnetic while tetrahedral (Kettle, 1969; Cotton and Wilkinson, 1998 Banerjea, 1998) complexes have moments in the range 3.2-4.1 BM. The Ni(II) complex reported herein has a room temperature magnetic moment value of 3.33 BM (Table 1) , which is within the normal range observed for tetrahedral Ni(II) complex. The magnetic moment value of the Cu(II) complex was observed to be 1.91 BM (Table 1) , which indicates that the complex is monomeric and paramagnetic (Kettle, 1969; Cotton and Wilkinson, 1998; Day and Selbin, 1969; Banerjea, 1998) . From the results obtained from elemental analysis, conductance, infrared, electronic and magnetic moment studies, the proposed geometry of the complexes were assigned (Fig. 1a  and b ).
Powder XRD
Powder XRD patterns of Co(II), Ni(II), Cu(II) and Zn(II) complexes recorded in the range (2h = 0-80°) were shown in Fig. 2a-d . XRD patterns of the metal complexes show the sharp crystalline peaks indicating their crystalline phase. The average crystallite size (d XRD ) of the complexes was calculated using Scherer's formula (Dhanaraj and Nair, 2009a,b) . The Co(II), Ni(II), Cu(II) and Zn(II) complexes have an average crystallite size of 79, 80, 85 and 59 nm, respectively.
SEM
The SEM micrographs of the Co(II), Ni(II), Cu(II) and Zn(II) complexes were shown in Fig. 3a-d . SEM picture of the metal complexes show that the particles are agglomerated with controlled morphological structure and the presence of small grains in non-uniform size. The SEM images of Co(II) and Ni(II) complexes exhibit irregular shaped grains, whereas Cu(II) and Zn(II) complexes show sharp crystalline species. The average grain size ($35, 45, 75 and 100 lm, respectively for Co(II), Ni(II), Cu(II) and Zn(II) Schiff base complexes) found from SEM shows that the complexes are polycrystalline with micrometer sized grains.
In vitro antimicrobial studies
The in vitro antifungal and antibacterial screening results are given in Tables 3 and 4 . The standard error for the experiment is ±0.001 cm and the experiment is repeated three times under similar conditions. DMF is used as negative control and chloramphenicol is used as positive standard for antibacterial and Nystatin for antifungal activities. These observations show that the majority of the compounds are more active than their respective Schiff base. 
. In some cases, ligand and its complexes have similar activity against bacterial and fungal species. The in vitro fungal activity results (Table 3) revealed that complexes are more microbial toxic than the ligand. The Co(II) complex was found to be highly active towards all the microbes. A good effectiveness is exhibited by Cu(II) complex, which acts in the range 10-23 lg/mL towards R. stolonifer, A. niger and C. albicans. The Ni(II) and Zn(II) complexes have good activity in comparison with R. stolonifer and A. niger and less activity in comparison with C. albicans (MIC > 100 lg/mL). The in vitro antibacterial activity results (Table 4) revealed that the ligand was bacteriostatic against bacterial strains except P. vulgaris and K. pneumoniae. The Cu(II) complex shows good or fairly good activity against all the tested bacterial strains (MIC < 100). The Co(II) complex has pronounced sensitivity to P. aeruginosa and E. coli, respectively. The Ni(II) complex showed bactericidal activity against K. pneumoniae and P. vulgaris and bacteriostatic against other organisms. The Zn(II) complex evidences moderate zone of inhibition against K. pneumoniae, P. vulgaris and S. aureus.
The activity order of the synthesized compounds is as follows: Cu(II) > Co(II) > Ni(II) > Zn(II) > L. The higher activity of the metal complexes may be owing to the effect of metal ions on the normal cell membrane. Metal chelates bear polar and nonpolar properties together; this makes them suitable for permeation to the cells and tissues. In addition, chelation may enhance or suppress the biochemical potential of bioactive organic species. Changing hydrophilicity and lipophilicity probably leads to bring down the solubility and permeability barriers of cell. Further, lipophilicity, which controls the rate of entry of molecules into the cell, is modified by coordination, so the metal complex can become more active than the free ligand (Farrell, 2007) . However, compared to the antimicrobial activity of the standards, the activity exhibited by the ligand and the metal complexes was lower.
DNA cleavage studies
The DNA cleavage activities of the Schiff base ligand and its metal complexes at a 50 lM concentration were studied using CT DNA (30 lM) in H 2 O 2 (500 lM) in 50 mM Tris-HCl buffer (pH 7.1) and upon irradiation with UV light (Fig. 4) of 280 nm. The reaction is modulated by metallo complexes bound hydroxyl radical or a peroxo species generated from the co-reactant H 2 O 2 .
In the control experiment using DNA alone (lane 1), no significant cleavage of DNA was observed even on longer exposure time. It is evident from Fig. 4 , that the Cu(II) complex cleave DNA more efficiently in the presence of an oxidant than the ligand and other complexes. This may be attributed to the formation of hydroxyl free radicals, which can be produced by metal ions reacting with H 2 O 2 to produce the diffusible hydroxyl radical or molecular oxygen, which may damage DNA through Fenton type chemistry. This hydroxyl radical participates in the oxidation of the deoxyribose moiety, followed by hydrolytic cleavage of sugar-phosphate backbone (Babu et al., 2007) . Further, the presence of a smear in the gel diagram indicates the presence of radical cleavage.
Conclusion
Schiff base and its complexes were prepared and characterized using the microanalytical, conductance, electronic and vibrational spectral analysis. IR spectral data demonstrates the ligand to act as bidentate, coordinating through azomethine nitrogen and carboxylato oxygen atoms. Magnetic and electronic spectral studies reveal tetrahedral geometry for Co(II) and Ni(II) complexes while Cu(II) complex possess square planar geometry. XRD and SEM analysis suggests the crystalline and morphological structural studies of the complexes. The antimicrobial and CT DNA cleavage activities indicate that the complexes show higher activity than the ligand. The activity with respect to the metal in the complexes follow the order: Cu(II) > Co(II) > Ni(II) > Zn(II) > L. 
